The tumor suppressor p53 regulates cell-cycle progression and apoptosis in response to genotoxic stress, and inactivation of p53 is a common feature of cancer cells. The levels and activity of p53 are tightly regulated by posttranslational modifications, including phosphorylation, ubiquitination, and acetylation. Here, we demonstrate that the transcription factor Yin Yang 1 (YY1) interacts with p53 and inhibits its transcriptional activity. We show that YY1 disrupts the interaction between p53 and the coactivator p300 and that expression of YY1 blocks p300-dependent acetylation and stabilization of p53. Furthermore, expression of YY1 inhibits the accumulation of p53 and the induction of p53 target genes in response to genotoxic stress. YY1 also interacts with Mdm2 and the expression of YY1 promotes the assembly of the p53-Mdm2 complex. Consequently, YY1 enhances Mdm2-mediated ubiquitination of p53. Inactivation of endogenous YY1 enhances the accumulation of p53 as well as the expression of p53 target genes in response to DNA damage, and it sensitizes cells to DNA damageinduced apoptosis. Hence, our results demonstrate that YY1 regulates the transcriptional activity, acetylation, ubiquitination, and stability of p53 by inhibiting its interaction with the coactivator p300 and by enhancing its interaction with the negative regulator Mdm2. YY1 may, therefore, be an important negative regulator of the p53 tumor suppressor in response to genotoxic stress. p300 ͉ acetylation ͉ ubiquitin ͉ Mdm2 ͉ transcription
T
he tumor suppressor p53 regulates cell-cycle progression and apoptosis in response to genotoxic stress, and inactivation of p53 is a common feature of cancer cells (1) (2) (3) . In stressed cells, p53 is targeted by a cascade of posttranslational modifications, including Ser and Thr phosphorylation and acetylation (4) (5) (6) . These modifications stabilize the p53 protein and promote its translocation to the nucleus. p53 is a short-lived protein, and the amount and activity of p53 is maintained at low levels in normal cells. The ubiquitination and degradation of p53 are controlled mainly by Mdm2, an oncogenic ubiquitin ligase (7) (8) (9) (10) . Recently, it was suggested that Mdm2-mediated monoubiquitination of p53 inactivates the protein by promoting its nuclear export (11) . Also, it has been suggested that the coactivator p300 could catalyze the polyubiquitination of p53 and, thereby, promote its degradation (12) . However, it has also been demonstrated that p300-dependent acetylation of C-terminal lysine residues in p53 stabilizes the protein by preventing Mdm2-mediated ubiquitination of the same residues (13, 14) . Similar mechanisms have also been reported for other proteins, including Smad7 and members of the SREBP family of transcription factors (15, 16) . Acetylated p53 needs to be deacetylated before ubiquitination and degradation. Interestingly, it has been suggested that Mdm2 is involved in the recruitment of the proteins involved in the deacetylation of p53 (13) . Thus, the balance between acetylation, deacetylation, ubiquitination, and deubiquitination will control the stability and function of p53 (4-6, 13, 14, 17-19) . Proteins with intrinsic histone acetyltransferase activity act as transcriptional coactivators by acetylating histones, and thereby, they induce an open chromatin conformation, which allows the transcriptional machinery to have access to promoters (20) . The best-characterized histone acetyltransferases are p300, CREB-binding protein (CBP), and P͞CAF (20) . These proteins interact with many transcription factors, including p53 (21, 22) . Thus, it is believed that histone acetyltransferases are central integrators of various signaling pathways in the nucleus. Since the observation was made that p53 is a direct target for acetylation by the coactivators p300 and P͞CAF (23) , a number of transcription factors and nuclear proteins have been found to be modified in this manner (24) (25) (26) . The functional consequences of p53 acetylation are diverse, and they include increased DNA-binding (23, 27) , increased stability (13, 14) , and enhanced interactions with coactivators (28) . Here, we demonstrate that the transcription factor Yin Yang 1 (YY1) binds p53 and inhibits its transcriptional activity by interfering with the recruitment of p300. As a result, YY1 inhibits p300-mediated acetylation and stabilization of p53. YY1 also interacts with Mdm2 and promotes the formation of a p53-Mdm2 complex, thereby enhancing Mdm2-mediated ubiquitination of p53. Consequently, expression of YY1 inhibits the accumulation of active p53, as well as the expression of p53 target genes after DNA damage. Also, inactivation of endogenous YY1 sensitizes cells to DNA damage-induced apoptosis. Thus, our results identify YY1 as a regulator of the p53 tumor suppressor in response to genotoxic stress.
The primary human foreskin fibroblast cell line (AG01518) was obtained from Coriell Cell Repositories (Camden, NJ). p53-positive and p53-negative HCT116 cells were provided by B. Vogelstein (33) . The Saos-2 TetOn p53-inducible cells (p53-TetOn) were provided by K. H. Vousden (Beatson Laboratories, Glasgow, Scotland) (34) . Transient transfections in U2OS, H1299, HEK293, and HEK293T cells were performed by using the MBS transfection kit (Stratagene). p53-TetOn cells were transfected by using Effectene (Qiagen, Valencia, CA). HCT116 cells were transfected by using Lipifectamine 2000 (Invitrogen). For transcriptional assays, cells were transfected with the reporter gene in the absence or presence of expression vectors for the indicated proteins or empty expression vector (pcDNA3). The total amount of expression vector was constant in all transfections. After 36 h, luciferase activities were determined in duplicate samples, according to the manufacturer's instructions (Promega), by using cotransfected ␤-galactosidase as an internal control for transfection efficiency. The data represent the mean Ϯ SD of three independent experiments performed in duplicates. The YY1 and control smallinterfering RNA (siRNA) (GL2, directed against firefly luciferase) were obtained from Dharmacon (Lafayette, CO) and have been described (29) .
Protein Analysis. Cells were lysed in buffer A (50 mM Hepes, pH 7.2͞150 mM NaCl͞1 mM EDTA͞20 mM NaF͞2 mM NaVO 4 ͞10 mM ␤-glycerophosphate͞1%, wt/vol, Triton X-100͞10%, wt/vol, glycerol͞1 mM PMSF͞10 mM sodium butyrate͞1% aprotinin͞ 0.1% SDS͞0.5% deoxycholate) and cleared by centrifugation. For coimmunoprecipitations, cell lysates were prepared in the absence of SDS and sodium deoxycholate. For ubiquitination assays, cell lysates were prepared under denaturing conditions and processed as described (15) . Cell lysates and immunoprecipitates were resolved by SDS͞PAGE and transferred to nitrocellulose membranes (Millipore). To ensure that equal amounts of protein were loaded in each well, the levels of tubulin in the samples were estimated by Western blotting using antitubulin antibodies. Proteins were translated in vitro by using the T7 TNT kit (Promega) with 35 S-labeled methionine and cysteine, and they were incubated with GST-fusion proteins as described (15) . The samples were washed extensively and resolved by SDS͞PAGE. The gels were stained with Coommassie blue, dried, and analyzed by phosphorimage analysis.
Apoptosis Assays. Determination of cytoplasmic histone-associated DNA fragments was performed with the cell-death detection ELISA kit, according to the manufacturer's instructions (Roche). Caspase-dependent cleavage of cytokeratin 18 in methanol-fixed cells was detected with the M30 CytoDeath antibody by fluorescence microscopy according to the manufacturer's instructions (Roche). A total of 500 cells from four separate slides were counted in each experiment.
Chromatin Immunoprecipitation (ChIP) Assay. The ChIP assays were performed essentially as described (28) . Immunoprecipitations were performed with 30 g of DNA by using one of the following antibodies: 2 g of anti-p53 (FL-393), 2 g of anti-HA (control, Y-11), or 6 g of anti-acetyl-histone H3. We used 1͞10 of the immunoprecipitated material and 1͞100 of the input DNA for analysis by PCR in the presence of 1 Ci (1 Ci ϭ 37 GBq) ␣-[ 32 P]dCTP. PCR products were resolved on 6% polyacrylamide gels and exposed to film. PCR amplification was performed with primers covering the 5Ј p53-binding sequence within the human p21 promoter (forward, 5ЈACCTTTCACCATTCCCCTAC; and reverse, 5ЈGCCCAAGGACAAAATAGCCA).
Results
We picked up a number of proteins, including p53 and Smads, in a screen for transcription factors regulated in response to YY1 expression (29) . To confirm the results of the initial screen, we performed p53-dependent transcriptional assays. p53-dependent activation of a Mdm2-luc promoter-reporter gene in U2OS cells was inhibited in response to YY1 expression (Fig. 1A) . Similar results were also obtained in p53-negative H1299 and HCT116 cells (data not shown). Expression of an YY1 antisense construct in U2OS cells resulted in increased expression of Mdm2-luc in response to p53 (Fig. 1B) , indicating that endogenous YY1 regulates p53. Expression of YY1 in U2OS cells also inhibited the transcriptional activity of Gal4-p53 on a promoter-reporter gene containing Gal4-binding sites (Fig. 1C) , indicating that the effect of YY1 is independent of the intrinsic DNA-binding activity of p53. Expression of the p53-responsive RGC-luc promoter-reporter gene was enhanced in etoposide-treated U2OS cells, and the expression of YY1 blocked this effect (Fig. 1D) , suggesting that YY1 interferes with the function of p53 in response to DNA damage. To identify the domain in YY1 that is required for inhibition of p53, fragments of YY1 were fused to the DNA-binding domain of Gal4 and the fusion proteins were used in p53-dependent transcriptional assays (Fig. 1E ). Full-length YY1 inhibited p53-dependent expression of the Mdm2-luc promoter-reporter gene in U2OS cells. The same result was obtained with a construct containing a C-terminal portion of YY1 (amino acids 201-414), whereas both N-terminal (amino acids 1-200) and extreme C-terminal sequences (amino acids 333-414) were unable to inhibit p53. To test whether YY1 could inhibit p53-dependent expression of endogenous targets, we used p53-deficient Saos-2 cells engineered to express a p53 transgene under the control of a doxycycline-dependent promoter (p53-TetOn) (34) . After transient transfection, Gal4-YY1 (full length) and Gal4-YY1 (amino acids 201-414) inhibited the expression of p21, whereas Gal4-YY1 (amino acids 1-200) was unable to do so (Fig. 1F) . Together, our results suggest that YY1 inhibits the transcriptional activity of p53 and that the central region of YY1 (amino acids 201-333) is required for this effect.
To determine whether p53 and YY1 interacted, fragments of YY1 were translated in vitro and used in GST-p53 pull-down assays. Full-length YY1 interacted with GST-p53 ( Fig. 2A) . Fragments containing the central region of YY1 also interacted with p53 (amino acids 1-256 and 201-414), whereas N-terminal fragments of YY1 were unable to interact. Similar results were also obtained in coimmunoprecipitation experiments of endogenous p53 and overexpressed Gal4-YY1 fragments (data not shown). These results correlate well with our transcriptional data ( Fig. 1 E and F) , demonstrating that the central region of YY1 is required for inhibition of p53. To identify the domains in p53 that interacted with YY1, full-length YY1 was expressed in 293T cells and used in GST-p53 pull-down assays by using different p53 domains fused to GST (Fig. 2B) . Full-length YY1 interacted with full-length GSTp53. YY1 also interacted with the most N-terminal portion of the p53 transactivation domain (amino acids 1-44) and with a central portion of p53 (amino acids 73-200). Anti-p53 antibodies could only immunoprecipitate endogenous YY1 in p53-TetOn cells after doxycycline-dependent expression of p53 (Fig. 2C) . Furthermore, endogenous YY1 coimmunoprecipitated with endogenous p53 in U2OS cells, and the interaction was enhanced after DNA damageinduced stabilization of p53 (Fig. 2D) , whereas an unrelated control antibody was unable to immunoprecipitate YY1. However, stabilization of p53 with the proteasome inhibitor MG132 also enhanced the interaction between p53 and YY1, without having any effect on the phosphorylation of p53. Thus, the enhanced interaction between p53 and YY1 after DNA damage is probably independent of the phosphorylation of p53.
To assess the effect of YY1 on p53-dependent transcription in vivo, we used U2OS cells infected with adenoviruses expressing either GFP or YY1. The infected cells were treated in the absence or presence of etoposide to induce DNA damage, and they were used for ChIP assays (Fig. 3A) . p53 was recruited to the p21 promoter in response to etoposide treatment in control cells, resulting in an enhanced acetylation of histone H3. In line with our previous results (Fig. 1) , YY1 decreased the levels of both p53 and acetylated histone H3 associated with the p21 promoter. Doxycycline treatment of p53-TetOn cells resulted in the expression of the p53 transgene and induced a robust induction of the p21 and Mdm2 proteins in cells infected with the control virus (Fig. 3B) . However, p53-dependent induction of both proteins was blocked in cells infected with the YY1 virus. To address whether YY1 could regulate the expression of p53 targets in response to genotoxic stress, U2OS cells were infected with adenoviruses expressing either GFP or YY1 and treated with etoposide to induce DNA damage. Etoposide treatment of control cells resulted in the phosphorylation (Ser-15) and stabilization of p53, as well as a robust induction of the p21 protein (Fig. 3C) . Interestingly, no phosphorylation or stabilization of p53 in response to etoposide treatment was observed in cells expressing YY1. Consequently, we could not detect any induction of p21 in these cells, indicating that YY1 inhibits the activation of p53 in response to DNA damage. Similar results were obtained also in primary human fibroblasts in response to etoposide treatment and UV irradiation (see Fig. 6 , which is published as supporting information on the PNAS web site), indicating that YY1 can inhibit the activation of p53 and the expression of downstream target genes in response to multiple stress signals.
The acetyltransferases p300 and CBP regulate the function of p53 at several levels. Both proteins function as coactivators for p53-dependent transcription. Also, it has been demonstrated that p300-mediated acetylation of p53 enhances its DNA-binding activity, facilitates its interactions with other coactivators, and stabilizes the protein by preventing ubiquitination of the acetylated lysine residues. Interestingly, p53 and YY1 interact with the same domains in p300 and CBP (21, 22, 35) . Thus, we hypothesized that YY1 could interfere with the interaction between p53 and p300 and, therefore, block p300-mediated acetylation of p53. To test this hypothesis, we analyzed the interaction between p53 and p300 in parental, p53-positive HCT116 cells after infection with either control or YY1 adenovirus. In support of our hypothesis, expression of YY1 blocked the interaction between endogenous p53 and p300 in HCT116 cells (Fig. 4A) . Similar results were obtained when the three proteins were expressed in p53-deficient HCT116 and H1299 cells (data not shown). To further test our hypothesis, we analyzed p300-mediated acetylation of p53 in transfected p53-deficient HCT116 cells in the absence and presence of cotransfected YY1 (Fig. 4B ). In line with our previous results, YY1 dramatically reduced the acetylation of p53 in response to p300 expression (Fig.  4B, compare lanes 3 and 4) . p53 interacts with p300 and CBP through its N-terminal transactivation domain, and the transcriptional activity of this domain depends on these interactions. A fusion protein containing the DNA-binding domain of Gal4 and the transactivation domain of p53 was able to activate transcription Fig. 4 . YY1 interferes with the interaction between p53 and p300 and promotes Mdm2-mediated ubiquitination of p53. (A) p53-positive HCT116 cells were infected with control (GFP) or YY1 adenovirus. Endogenous p300 was immunoprecipitated (IP) from total cell lysates with antip300 antibodies. The amount of immunoprecipitated p53 and the levels of p53, p300, and YY1 in whole-cell lysates (WCL) were determined by Western blot analysis. (B) p53-deficient HCT116 cells were transfected with Flag-p53 (1 g) in the absence or presence of p300-HA (2.5 g) and YY1 (1 g) or empty expression vector (pcDNA3). Flag-p53 was immunoprecipitated (IP) with Flag antibodies from whole-cell lysates. The acetylation of Flagp53 was detected with anti-acetyl-lysine antibodies (␣-AcK). The amount of immunoprecipitated Flag-p53 was determined by Western blot analysis. from a minimal promoter containing Gal4-binding sites (Fig. 4C) . In support of our hypothesis, YY1 inhibited the transcriptional activity of the p53 activation domain, suggesting that the interaction between this domain of p53 and p300 is an important target for YY1-mediated inhibition of the transcriptional activity of p53. It has been suggested that p300-mediated acetylation of p53 enhances its DNA-binding activity (23, 27, 36, 37) . To test whether YY1 could affect these processes, p53-deficient H1299 cells were transfected with p53 in the absence or presence of p300 and YY1, and the recruitment of p53 to the p21 promoter was analyzed in ChIP assays (see Fig. 7 , which is published as supporting information on the PNAS web site). Expression of p300 enhanced the association of p53 with the p21 promoter. Importantly, expression of YY1 reduced the p300-mediated recruitment of p53 to the promoter. Thus, our results demonstrate that YY1 inhibits p53-dependent transcription by interfering with the interaction between p53 and p300. By interfering with the interaction between p53 and p300, YY1 also inhibits p300-mediated acetylation p53.
The acetylated lysine residues in p53 are located in its C terminus, and it has been suggested that p300-mediated acetylation of these residues contributes to the stabilization of p53. To determine whether YY1 could overcome p300-mediated stabilization of p53, p53-deficient HCT116 cells were transfected with p53 in the absence and presence of p300 and YY1 (Fig. 4D) . Expression of p300 enhanced the stability of the transfected p53 protein, and expression of YY1 inhibited this effect (Fig. 4D, compare lanes 2  and 3) , demonstrating that YY1 can inhibit p300-mediated stabilization of p53. To test whether YY1 could affect the ubiquitination of endogenous p53, U2OS cells were infected with either control or YY1 adenovirus and the ubiquitination of p53 was analyzed after immunoprecipitation of the endogenous p53 protein. The ubiquitination of p53 was significantly enhanced in U2OS cells infected with the YY1 adenovirus (Fig. 4E) , indicating that YY1 promotes the ubiquitination of p53 in vivo. The ubiquitination and degradation of p53 are largely controlled by the ubiquitin ligase Mdm2. YY1 interacted with Mdm2 after expression of the two proteins in HEK293 cells (see Fig. 8 , which is published as supporting information on the PNAS web site). Interestingly, expression of YY1 enhanced the interaction between p53 and Mdm2 (Fig. 4F) , indicating that YY1 may function as a scaffold protein to promote the assembly of the p53-Mdm2 complex. Importantly, Mdm2-dependent ubiquitination of p53 was enhanced in response to expression of YY1 in HEK293 cells (Fig. 4G) , suggesting that YY1 promotes Mdm2-mediated ubiquitination and degradation of p53.
Our data indicate that YY1 negatively regulates the activation and transcriptional activity of p53 after DNA damage. Consequently, we wanted to determine whether YY1 could affect p53-mediated apoptosis. To address this issue, we used YY1-directed siRNA to inactivate endogenous YY1 in U2OS cells (Fig. 5A) .
The DNA damage-dependent phosphorylation and stabilization of p53 was enhanced in cells treated with YY1 siRNA compared with cells treated with control siRNA. Consequently, the expression of the p21 protein in response to etoposide treatment was enhanced in cells treated with YY1 siRNA. Similar results were obtained in MCF-7 cells (data not shown). When apoptosis was monitored in fixed U2OS cells with an antibody directed against cleaved cytokeratin 18 (M30), a 3-fold increase in apoptosis was observed after etoposide treatment of cells transfected with YY1 siRNA compared with cells treated with control siRNA (Fig. 5B) . Similar results were also obtained with an antibody directed against cleaved caspase 3 (data not shown). When apoptosis in U2OS cells was monitored by determination of cytoplasmic histone-associated DNA fragments, a 2-fold increase in apoptosis was observed in response to etoposide treatment of cells transfected with YY1 siRNA compared with cells treated with control siRNA (Fig. 5C) . Similar results were also obtained in p53-TetOn cells treated with YY1 siRNA (data not shown). Thus, our results demonstrate that endogenous YY1 interferes with the accumulation of active p53 in response to genotoxic stress, thereby inhibiting DNA damage-induced apoptosis.
Discussion
YY1 is a multifunctional transcription factor, which is involved in transcriptional activation, repression, and initiation (29, (38) (39) (40) . Targeted disruption of the YY1 gene leads to embryonic lethality in mice (41) , indicating that YY1 plays critical roles during development. Here, we demonstrate that YY1 binds the p53 tumor suppressor and inhibits its transcriptional activity. Expression of YY1 inhibits the expression of p53 target genes after DNA damage. In addition, siRNA-mediated inactivation of endogenous YY1 sensitized cells to DNA damage-induced apoptosis. The acetyltransferase p300 is an important regulator of the transcriptional activity of p53, and disruption of the p300 gene in HCT116 cells demonstrated that p300 also plays important roles for the function of p53 in vivo (42) . YY1 and p53 interact with overlapping domains in p300, and we have demonstrated that YY1 interferes with the interaction between p53 and p300. Consequently, YY1 inhibited the transcriptional activity of the isolated activation domain of p53. However, p300 regulates the function of p53 through multiple pathways. It has been demonstrated that p53 is targeted by p300-mediated acetylation and that the acetylation of p53 is enhanced in response to various stress signals (4, 5) . The acetylated lysine residues in p53 are located in its C terminus and coincide with residues that are important for the ubiquitination and degradation of the protein. It has been demonstrated that acetylation of these lysine residues stabilize p53 by interfering with Mdm2-mediated ubiquitination of the same residues (13, 14) . In addition, it has been suggested that p300 has the ability to catalyze the polyubiquitination of p53 (12) . Thus, p300 could be of major importance for the regulated degradation of p53. In support of this hypothesis, we found that expression of YY1 blocked the stabilization and accumulation of p53 in response to various stress signals. Furthermore, silencing of endogenous YY1 enhanced the stability of p53 after DNA damage. In addition, we could demonstrate that expression of YY1 inhibited p300-mediated acetylation and stabilization of p53. We also found that expression of YY1 enhanced the ubiquitination of endogenous p53. The ubiquitination of p53 is mainly controlled by Mdm2, an oncogenic ubiquitin ligase (7) (8) (9) (10) , and we could demonstrate that YY1 promoted Mdm2-mediated polyubiquitination of p53. In part, this effect could be explained by our observation that YY1 interacted with Mdm2 and enhanced the interaction between p53 and Mdm2. Alternatively, YY1 could promote the ubiquitination of p53 by preventing p300-mediated acetylation of C-terminal lysine residues, thus making them available for Mdm2-mediated ubiquitination. Thus, our results suggest that YY1 regulates the transcriptional activity, acetylation, ubiquitination, and stability of p53 by interfering with its interaction with p300 and promoting its interaction with Mdm2. However, the effects on the ubiquitination and stability of p53 are not absolutely required for YY1-mediated repression of the transcriptional activity of p53 because YY1 inhibited the transcriptional activity of the isolated activation domain of p53 when this portion of the protein was fused to the DNA-binding domain of Gal4. This fusion protein lacks the lysine residues targeted by Mdm2-mediated ubiquitination, and its transcriptional activity depends on the recruitment of p300 and other coactivators, suggesting that interference with coactivator recruitment is important for YY1-mediated inhibition of the transcriptional activity of p53. This hypothesis was supported by our observation that YY1 inhibited the p300-dependent recruitment of p53 to the p21 promoter in vivo. Similar results were reported recently for the immediate-early 2 protein (IE2) of human cytomegalovirus (37) . It was demonstrated that IE2 inhibited the acetylation of p53 and, thereby, blocked the recruitment of p53 to its target promoters. Also, in p53-TetOn cells, in which the expression of p53 is controlled by a strong promoter, YY1 did not affect the steady-state levels of p53 significantly, yet the expression of downstream target genes was reduced (Figs. 1F and 3B) . It is likely that YY1-mediated inhibition of p53 in vivo involves a combination of the effects reported in this study. First, YY1 inhibits the interaction between p53 and p300, thereby directly inhibiting the transcriptional activity of p53. By inhibiting the interaction between p53 and p300, YY1 also prevents p300-mediated acetylation of C-terminal lysine residues in p53, thereby making these residues available for Mdm2-mediated ubiquitination. Also, YY1 augments Mdm2-mediated ubiquitination of p53 by enhancing its interaction with Mdm2. During the preparation of this article, Yakovleva et al. (43) reported that recombinant YY1 and YY1 present in nuclear extracts could interact with a subset of p53 response elements in vitro. Thus, the authors suggested that the binding of YY1 to these DNA elements could regulate the expression of certain p53-dependent genes. Although it is possible that such a mechanism is active in vivo, it fails to explain YY1-mediated inhibition of the phosphorylation, acetylation, and accumulation of p53 in response to DNA damage. Also, the p53 response element in the human Mdm2 promoter contains no potential YY1-binding sites, although YY1 blocks p53-dependent expression of both endogenous Mdm2 and Mdm2 promoter-reporter genes. However, it is possible that binding of YY1 to certain p53-responsive promoters could affect the expression of the corresponding genes, suggesting that YY1 could regulate the function of p53 at multiple levels.
Inactivation of p53 is one of the hallmarks of cancer cells, and our results demonstrate that YY1 inhibits p53 function. An extensive analysis of the expression and function of YY1 in cancer cells has not, to our knowledge, been performed. However, the YY1 gene was identified recently in a screen for candidate genes involved in the development of acute myeloid leukemia (AML) (44) . It was demonstrated that the murine myeloid leukemia virus was frequently integrated in the upstream YY1 promoter, thereby increasing the expression of the YY1 gene. In addition, the same study demonstrated that the expression of YY1 was enhanced in numerous cases of human AML. Further work is needed to investigate the role of YY1 in human tumorigenesis. However, YY1 and its interactions with p53, Mdm2, and p300 could be an attractive therapeutic target in cancer.
Note Added in Proof. Since the submission of the manuscript, Sui et al. (45) reported that YY1 interacted with p53 and Mdm2 and enhanced the Mdm2-mediated ubiquitination of p53.
